The recent empirical literature supports the view that most of the international stock prices are not pairwise cointegrated. However, by using fractional cointegration techniques, this paper shows that France, Germany, Hong Kong, and Japan stock prices indices are pairwise fractionally cointegrated with US stock prices. Equilibrium errors are mean reverting with half-life lying between 2 and 12 days. It is worthwhile noting that emerging markets like Brazil and Argentina are not pairwise cointegrated with the US stock market. These new results have important implications for asset pricing and international portfolio strategy.
Introduction
A great number of papers have used cointegration techniques to examine the long-run relationships between international stock prices, motivated by the fact that cointegration between stock prices has several important implications for asset pricing. Firstly, cointegration between prices of some national stock markets implies that these markets share a common stochastic trend. As a consequence, potential benefits from long run diversification will be reduced since deviations of one market away from the equilibrium relationship can be expected to reverse geometrically over the long run. Secondly, as stated by Granger (1986) , evidence of cointegration among world capital markets may lead to the rejection of the efficient markets hypothesis since cointegration induces short run predictability of prices via the error correction mechanism; however, Richards (1995) , among others, argues that cointegration among stock prices may not necessarily imply violation of market efficiency. Thirdly, some researchers have documented the long-run predictability of prices through the Winner-Loser reversal effect (Richards, 1995) which states that markets that have experienced superior performance can be expected to underperform over the longer term, and vice versa.
On the empirical side, the literature analyzing the long-run relationships between international stock markets has produced mixed results. Some papers (Kasa, 1992 (Phylaktis and Ravazzolo, 2005) , some papers suggest moreover that the integration process of financial markets may be time and/or country dependent.
An important reason for these mixed results is that usual linear testing techniques may be inadequate in presence of non-standard dynamics, such as nonlinearity or structural change. Therefore, Li (2006) applies rank test for non linear cointegration while Davies (2006) uses regime switching cointe-gration techniques and Huang and Fok (2001) suggest that markets may be temporally cointegrated by using tests related to the stochastic permanent breaks model.
The aim of this paper is to provide further evidence on the pairwise linkages between the US and some of the major foreign equity markets by taking into account the fractional cointegration hypothesis 2 . According to this hypothesis, the cointegration errors tend to revert back hyperbolically (and not geometrically) to some mean (or deterministic trend): as in the standard cointegration framework, fractional cointegration introduces arbitrage opportunities, since there is some predictability of prices in the longrun (Winner-Loser effect) as well as in the short-run (through the fractionally error-correction mechanism suggested by Granger, 1986) . However, in a strategic (or static in the sense of Lucas) asset allocation perspective, fractional cointegration reduces the gain of portfolio diversification.
In this paper we consider France, Germany, UK and Japan equity markets and some emerging countries' equity markets like Argentina, Brazil and Hong Kong. We will proceed in three steps. The first step consists in investigating the order of integration of each national stock index. In a second step, we use the strategy of Gil-Alana (2003) and Caporale and Gil-Alana (2004a, 2004b) to consider the possibility of the series being pairwise fractionally cointegrated. The third step consists in measuring the persistence of shocks for countries whose stock markets are related to the US one in the long-run. We confirm that all stock index series we consider are non-stationary I(1). Except for Germany, we find no standard cointegration between US stock market and the foreign stock markets into consideration, as already stated by Kanas (1998) for the case of France and UK. However, we conclude that the US stock market is fractionally cointegrated with the French, German, Japanese, UK and Hong Kong stock market indices. Conversely, the relationship is neither significant for the US stock market and the Argentinian index, nor for the US stock market and the Brazilian index. The persistence is measured by the half-lives which lie between 1.88 and 11.88 days, depending on the country considered. The highest half-life is the Japanese one, the lowest being the French one.
The rest of the paper is organized as follows. The next section presents the econometric method for detecting fractional integration and cointegration. The empirical application is carried out in Section 3 while Section 4 contains some concluding comments.
2 The econometric approach
Fractional integration and cointegration
A time series y t follows an ARF IMA(p, d, q) (autoregressive fractionally integrated moving average) process if
L is the Backward shift operator i.e. Ly t = y t−1 and ε t ∼ iid(0, σ 2 ). Different cases are possible, depending on the value of the long memory parameter d; for example, y t is stationary and possesses shocks that disappear hyperbolically when 0 < d < 1/2 , but is non-stationary and mean reverting for 1/2 ≤ d < 1. Moreover, fractional cointegration can be defined as follows. Let us consider two time series y t and x t that are both I(d), where d is not necessarily an integer; y t and x t are fractionally cointegrated when the residuals, defined by e t = y t − βx t , are I(d − b) with b > 0, where b is also not necessarily an integer. There is a growing literature dealing with fractional cointegration 3 . We use here the methodology elaborated by Robinson (1994) for testing unit root and other nonstationary hypotheses. Let us consider the null hypothesis defined by H 0 : θ = 0 in the model given by y t = β 0 X t + e t and (1 − L) d+θ e t = u t , for t = 1, 2, ..., where y t is the observed time series, X t is a k × 1 vector of deterministic regressors, u t is a (possibly weakly autocorrelated) I(0) process, and d is a real parameter. The Lagrange Multiplier (LM) statistic proposed by Robinson (1994) , called b r (see Appendix for details) has a standard asymptotic distribution under some regularity conditions:
we reject H 0 against H 1 : θ > 0 if b r > z α and against H 1 : θ < 0 if b r < −z α , where the probability that a standard normal variate exceeds z α is α. This Robinson (1994)'s test has been used in several papers in order to detect fractional integration 4 .
In order to detect the cointegration, we adopt the two-step strategy of Gil-Alana (2003) and Caporale and Gil-Alana (2004a and b) based on the Robinson (1994) 5 test: in the first step, we test the order of integration of each series, and if they are of the same order, we test, in the second step, the order of integration of the estimated residuals of the cointegration relationship. Gila-Alana (2003) and Caporale and Gil-Alana (2004a) note that the ordinary least squares (OLS) estimation of the equilibrium error can produce an estimator which may suffer from second-order bias in small samples, but they choose to use it on the grounds of simplicity; in this paper, the sample sizes are enough large to neglect this problem. Let us call e t , the estimated equilibrium errors between two series y t and x t (this can be easily generalized to more series): e t = y t − b βx t where b β is the OLS estimator of the cointegrating parameter. Let us consider the model: (1 − L) d+θ e t = u t where u t is a I(0) process ; we applied the Robinson (1994)'s testing procedure in order to test the null hypothesis H 0 : θ = 0 against the alternative H 1 : θ < 0. If the null hypothesis is rejected, it implies that the equilibrium error exhibits a smaller degree of integration than the original series: y t and x t are thus fractionally cointegrated. On the opposite, if the null hypothesis is not rejected, we will admit that the series are not cointegrated because the order of integration of e t is the same as the order of the original series.
Half-life analysis
One way to estimate the persistence of the estimated residuals from the cointegration regression is to fit an ARFIMA model to e t and then estimate its impulse response function. By allowing the long memory parameter d to take non-integer values, the fractional model accommodates a broader range of low-frequency, mean-reverting dynamics than do standard time series models.
The mean-reverting property holds if d < 1 whereas the impact of a shock is known to persist forever in case of a unit-root process: d = 1. This can be These experiments show that Robinson's (1994) tests perform better than the ADF and GPH tests both in term of power and size. As stated by Gil-Alana (2003), "the difference in power between Robinson's (1994) and the ADF and GPH tests for cointegration should not be surprising given that the ADF test assumes a strict I(0) and I(1) distinction and the GPH test requires estimation of the differencing parameter, whereas Robinson (1994) tests do allow fractional differencing and do not require estimation of the fractional differencing parameter". 5 seen from the moving average representation for (1 − L)e t = A(L)ε t where
The moving average coefficients a j , j = 1, ..., are referred to as the impulse responses and can be computed as follows:
where the (ψ j ) can be computed recursively:
The cumulative impulse response function over j periods of time is given by C j = 1 + a 1 + ... + a j and it tracks the impact of a unit innovation at time t on the long run equilibrium relationship at time t + j. As j → ∞ C ∞ = A(1), measuring the long-run impact of the innovation (Campbell and Mankiw, 1987). Cheung and Lai (1993) show that for d < 1, C ∞ = 0, implying shockdissipating behavior. Conversely for d ≥ 1, C ∞ 6 = 0, the effect of a shock will not die out. Mean reversion (i.e. C ∞ = 0) occurs as long as d < 1. A measure of persistence usually considered in the literature is the half-life, which indicates how long it takes after a unit shock to dissipate by half on the long-run equilibrium. The half-life can be computed from the C j function as t = h at where C h = 0.5. For ARMA models, an analytical expression for the half-life can be derived; for example, it is well known that the halflife of the AR(1) model e t = φe t−1 + ε t is given by h = − log(2)/ log(φ). However, for the ARFIMA model, the half-life remains difficult to compute. This problem can be solved plotting the impulse response function and using linear interpolation.
3 Empirical analysis
The data
The different series are the daily closing values for the following stock indices: BOV (Bovespa, Brazil), CAC (CAC 40, France), DAX (Dax, Germany), F T SE (FTSE 100, UK), HS (Hang Seng, Hong Kong), NK (Nikkei 225, Japan), MERV (Merval, Argentina) and SP (Standard and Poor's 500, USA). We consider the log-transformed daily data over the period January 4, 1999 -March 6, 2008 (T = 2389 where T is the sample size). The logtransformed daily series over the whole period are plotted in Figure 1 (the descriptive statistics of the returns are given in Table 1 ).
[Insert Table 1 here] [Insert Figure 1 here]
Empirical results

Integration analysis of individual series
The first step in the empirical analysis is to investigate the order of integration of the individual series. We first perform the Kwiatowski, Phillips, Schmidt and Shin (1992) (KPSS) test for unit root, where the null hypothesis is the stationarity, on the raw series and on the first differenced series.
The results are reported in Table 2 and clearly show the rejection of the null hypothesis by the KPSS test on the raw series and the non-rejection of the null hypothesis on the differenced series, which means that all the log-transformed daily series contain a unit root.
[Insert Table 2 here] Table 3 d+1.96b σ. The orders of integration lies between 0.964 and 1.080, and the unit value lies always in the 95% confidence intervals, whatever the series; it confirms again that the series contain a unit root, i.e., the null d = 1 cannot be rejected.
[Insert Table 3 here] Table 4 6 shows the results of the statistic b r of the Robinson (1994)'s tests applied to each individual series. Different values of d are considered, thus testing for a unit root (d = 1) but also other fractional possibilities. We can observe that the minimum of the absolute values of the Robinson (1994) 
[Insert Table 4 here]
Cointegration analysis
In the second step of the strategy of Gil-Alana (2003) and Caporale and Gil-Alana (2004a and b), we consider now the possibility of the series being cointegrated. We consider first the classical standard cointegration. In Table 5 , we can observe some results of the OLS regression of the pairwise (bivariate) cointegrating regression: e t = y t − b α − b βSP t where e t is the estimated equilibrium error and y t is the foreign stock index. The results of the KPSS test show the rejection of the null hypothesis of stationarity of the estimated equilibrium errors and thus that the series are not cointegrated. This suggests that the US equity market and the equity markets in the UK, Germany, France, Brazil, Hong Kong, Argentina and Japan are not pairwise cointegrated during the considered period. The same results are found by Kanas (1998) for the period 03/01/83 -29/11/96, in the case of UK, Germany and France 7 . The Johansen's tests exhibit mostly the same results, except for the case of Germany which appears pairwise cointegrated with the US stock market at the 5% level.
[Insert Table 5 here] Concerning the fractional cointegration, Table 6 shows the results of onesided tests of Robinson (1994) on the estimated residuals e t from the cointegrating regression: we compute the statistic b r, testing H 0 : θ = 0 against the alternative H 1 : θ < 0 in the model (1 − L) d+θ e t = u t ; as noted in Caporale and Gil-Alana (2004a and b), we can use the asymptotic Normal distribution because of the consistency of the cointegrating parameters and the desirable properties of Robinson's (1994) tests. Two cases are considered.
[Insert Table 6 Table 7 and the optimal ARFIMA models obtained by using the BIC criterion are shown in Table 8 . Figures 3-7 depict the impulse response functions of the CAC, the Dax, the FTSE, the Hang Seng and the Nikkei indices; their estimated half-lives are given in Table 7. [Insert Tables 7 and 8 The shorter half-lifes correspond to the CAC (it is equal to 1.88) and the FTSE (about 3.7); they are longer for the HS (between 6.24 and 9.55), the DAX (8.74) and the NK (11.88).
Concluding remarks
Using linear cointegration tests, most of the empirical papers generally do not find pairwise cointegrating relationship between the US equity market and equity markets of the major industrial countries. However, adopting the two-step strategy of Gil-Alana (2003) and Caporale and Gil-Alana (2004a and b), based on the Robinson (1994) test, we show as a matter of fact that there exist pairwise fractional cointegration between the Standard & Poor's index and the CAC, the Dax, the FTSE, the Hang Seng and the Nikkei indices; the corresponding equilibrium errors exhibit mean reversion, with half-life deviations lying between 2 and 12 days. It is worthwhile noting that emerging markets like Brazil and Argentina are not fractionally cointegrated with US stock market. These results suggest that there is some predictability of prices in the long-run (Winner-Loser effect) as well as in the short-run for the stock markets of industrialized countries, but also this evidence of fractional cointegration reduces, in the long-run, the potential benefits of international portfolio diversification. However, another important result is that these conclusions do not hold for some emerging countries. [9] Chan, K.C., Gup, B.E., Pan, M-S., 1997. International stock market efficiency and integration: a study of eighteen nations, Journal of Business Finance & Accounting, 24(6). Note: The period is January 4, 1999 -March 6, 2008 (T = 2389). We consider only the test where u t is assumed to be white noise, with different specifications: with no regressors (-), with an intercept (1) and with a linear trend ((1, t) ). In bold: the minimum (in absolute value) of the Robinson (1994) test statistic. *: nonrejection values of the null hypothesis H 0 : θ = 0 at the 95% significance level (the critical value is 1.65 in absolute value). Note: The period is January 4, 1999 -March 6, 2008 (T = 2389). We consider only the test where u t is assumed to be white noise, with different specifications: with no regressors (-), with an intercept (1) and with a linear trend ((1, t) ). In bold: the minimum (in absolute value) of the Robinson (1994) test statistic. *: rejections of the null hypothesis of "no cointegration" at the 95% significance level (the critical value is 1.65 in absolute value). Note: The different specifications are: with no regressors (-), with an intercept (1) and with a linear trend ((1, t) ).The half-life is estimated by using a linear interpolation as follows: if k is such that IRF 
References
